Determination of Forces in Roof Cables at Administrative Center Amazon Court  by Polák, Michal & Plachý, Tomáš
 Procedia Engineering  48 ( 2012 )  578 – 582 
1877-7058 © 2012 Published by Elsevier Ltd.Selection and/or peer-review under responsibility of the Branch Offi ce of Slovak Metallurgical Society at 
Faculty of Metallurgy and Faculty of Mechanical Engineering, Technical University of Košice
doi: 10.1016/j.proeng.2012.09.556 
MMaMS 2012 
Determination of Forces in Roof Cables at Administrative Center 
Amazon Court 
Michal Poláka, Tomáš Plachýa* 
aFaculty of Civil Engineering, Czech Technical University in Prague, Thákurova 7, Prague 6, 166 29, Czech Republic 
Abstract 
There are a number of building structures in service in Czech Republic at present time where the main structural element is a cable or a 
suspender, for example: cable roofs, cable-stayed bridges and bridges with external prestressing cables. Knowing the value of cable 
tensile force is important for appreciation of reliability both during their construction and their operation. The vibration frequency method 
can be used for indirect estimation of the cable tensile force using the measured natural frequencies. The vibration frequency method is 
very suitable for experiments done only one time or occasionally. This method provides results precise enough for suitable setting of 
experiment and evaluation method. The vibration frequency method is often used in practice because it provides an efficient, cheap and 
relatively easy way to determine the cable forces and a standard measuring line for dynamic experiments can be used. The paper will 
present the results of an experiment carried out on the roof structure of the Administrative Center Amazon Court .The results of the 
experiment show that production tolerances and mounting method can significantly influence the stresses in statically indeterminate load 
bearing structure with cables. Therefore, it is important to verify forces in cables experimentally in these structures and it is also suitable 
to monitor forces during their service life. 
© 2012 The Authors. Published by Elsevier Ltd. 
Selection and/or peer-review under responsibility of the Branch Office of Slovak Metallurgical Society at Faculty of Metallurgy and 
Faculty of Mechanical Engineering, Technical University of Košice. 
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Nomenclature 
f(j) jth natural frequency (Hz) 
N tensile force (N) 
E Young’s modulus (Pa) 
I moment of inertia (m4) 
L length of the cable (m) 
Greek symbols 
μ mass per meter of the cable length (kg/m) 
Subscripts 
j order number of the natural frequency 
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1. Introduction 
There are a number of building structures in service in Czech Republic at present time where the main structural element 
is a cable or a suspender, for example: cable roofs, cable-stayed bridges and bridges with external prestressing cables. 
Knowledge of value of cable tensile force is important for appreciation of reliability both during their construction and their 
operation. 
The three categories of experimental techniques are applied for monitoring of cable forces in practice. One is the method 
that directly measures the cable forces by pre-installed load cell, the second is the magnetoelastic method [1] and the third is 
the vibration frequency method that indirectly evaluates the cable tension force using the measured natural frequencies. The 
vibration frequency method is often used in practice (e.g. [2-4]) because it provides an efficient, cheap and relatively easy 
way to determine the cable forces and a standard measuring line for dynamic experiments can be used. 
The typical procedures of the vibration frequency methods are as follows. At first, the excitation of cable vibrations is 
carried out for example by the help of an impact hammer or ambient sources such as wind and technical seismicity. 
Secondly, the time waveform of cable free vibration is measured. Next, several lowest natural frequencies are extracted 
from the measured data by the help of Fast Fourier Transform (FFT) and various modal analysis techniques. Finally, the 
cable tensile forces are determined by using an appropriate relationship between natural frequencies and cable tensile forces. 
The relationship between frequencies and cable tensile forces that will be used during results evaluation of an experiment 
is dependent on parameters of examined cables and on theoretical presumption of the bending stiffness and the boundary 
conditions of the cable supporting. 
2. Administrative Center Amazon Court 
The Administrative Center Amazon Court is situated in Prague – Karlín in Czech Republic. The atrium of this building is 
covered by a pneumatically controlled roof on a steel structure. V-shaped bracing struts are placed on the system of steel 
cables stretched across the atrium (Fig. 1). The roof is covered with belts of triple-layer ETFE foil, stretched between 
purlins and inflated. ETFE foil is transparent, not flammable, leak-proof, and heat resistant up to 270°C. 
The cable tensile force was not observed during installation of the steel structure of the roof. The cable anchoring 
structure did not make possible to rectify the forces in cables additionally. 
After finishing installation of the roof in August 2008, the designer wanted to verify forces in individual cables of the 
roof and if there was made sufficient tensile force reserve for loading the roof by wind uplift. Precision of results was 
required less than 10%. 
Fig. 1. The view on the steel structure of the roof of Administrative Center Amazon Court 
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After finishing installation of the roof in August 2008, the designer wanted to verify forces in individual cables of the 
roof and if there was made sufficient tensile force reserve for loading the roof by wind uplift. Precision of results was 
required less than 10%. 
3. Vibration frequency method 
The vibration frequency method was selected as very suitable and precise enough method for tensile forces 
determination. The vibration transducers installed on the cable are shown in the Fig. 2. The Fig. 3 shows the example of the 
measured cable free vibration and the corresponding frequency spectrum. The experimentally evaluated natural frequencies 
f(j) for selected cables are mentioned in Tab. 1. For evaluation of prestressing forces in investigated cables of the roof 
structure, these theoretical models of cables were used: 
• the string model, 
• the simply supported beam, 
• the fixed beam. 
The string theory was used by experiment in situ only for the first approximation, because it neglects influence both 
bending stiffness and boundary conditions. 
The relationship which utilizes the simply supported beam was used consequently for identification of the cable bending 
stiffness EI and the cable tensile force N. 
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The mass µ was retired from producer’s catalogue of used cables, length L was measured during the experiment in situ. 
The five lowest natural frequencies were analyzed for each cable of the roof structure. Based on the relation (1), it was 
possible to make five equations for two unknowns. 
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This equation system can be solved using Gauss Markov theorem. 
[ ] [ ]{ } [ ] { }yAxAA TT =
                                                                 
(3) 
4. Results 
Natural frequencies and corresponding natural modes were measured on two selected cables. It resulted from evaluated 
data that the character of the real boundary conditions of the cable supporting is somewhere between fixation and a hinged 
support. Therefore, prestressing forces which were determined based on the simply supported beam model and based on the 
fixed beam model create bounds between which the real value of the prestressing force is. 
From the resulting values of the cable tensile forces that are shown in Tab. 2, it is evident that cables are very differently 
stressed even if the parameters of observed cables are practically the same. The maximal evaluated cable tensile force 
(142.5 kN) is almost three times higher than the minimal cable tensile force (49.3 kN). 
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Fig. 2. The view on the vibration transducers (accelerometers) installed on the cable. 
Fig. 3. The example of the measured cable free vibration and the corresponding frequency spectrum. 
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                 Table 1. The experimentally evaluated natural frequencies f(j) for selected cables 
Cable 
No. 
Cable length 
(m) 
f(1) 
(Hz) 
f(2) 
(Hz) 
f(3) 
(Hz) 
f(4) 
(Hz) 
f(5) 
(Hz) 
Cable temperature  
(oC) 
4 10.860 7.00 14.19 21.41 29.13 37.19 35.9 
5 10.885 8.34 16.81 25.38 34.28 43.56 36.1 
6 10.880 7.13 14.47 21.88 29.63 37.84 36.1 
7 10.870 5.03 10.22 15.63 21.44 27.88 36.1 
10 10.880 7.31 14.69 22.25 30.16 38.56 35.0 
11 10.890 6.44 13.03 19.88 26.94 34.53 37.3 
12 10.880 7.41 14.97 22.59 30.75 39.13 37.3 
13 10.890 8.09 16.41 24.78 33.47 42.50 37.3 
                                                Table 2. The determined tensile forces N for the selected cables 
 The theoretical model of a cable  Resulting values of the cable forces N 
Cable Simply supported 
beam  
Fixed 
beam 
 Value Uncertainty 
No. (kN) (kN)  (kN) (%) 
4 103.7 94.3  99.0 ± 4.8 
5 148.0 136.9  142.5 ± 3.9 
6 108.3 98.7  103.5 ± 4.6 
7 52.8 45.8  49.3 ± 7.1 
10 112.7 102.9  107.8 ± 4.5 
11 88.2 79.5  83.9 ± 5.2 
12 116.6 106.7  111.7 ± 4.5 
13 140.5 129.7  135.1 ± 4.0 
5. Conclusions 
The described experiment shows that production tolerances and mounting method can significantly influence the stresses 
in statically indeterminate load bearing structure with cables. Therefore, it is important to verify forces in cables 
experimentally in these structures and it is also suitable to monitor forces during their service life.  
The vibration frequency method is very suitable for experiments done only one time or occasionally. This method 
provides results precise enough for suitable setting of an experiment and evaluation method. 
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